In 2009, Yew et al. isolated a new pheromone named CH503 from the male fruit fly, Drosophila melanogaster, and identified it as 3-acetoxy-11,19-octacosadien-1-ol. The CH503 pheromone is transferred from males to females during mating, remains on the surface of females for at least 10 d, and inhibits courtship as an anti-aphrodisiac. 2) Since it has been well established that bioactivity depended on the correct stereochemistry of a pheromone, 3, 4) we decided to determine the olefin geometry and absolute configuration at C-3 of CH503.
In 2010, we synthesized the enantiomers of (11Z,19Z)-CH503 ( Fig. 1) , and found (3S,11Z,19Z)-CH503 to be bioactive, while (3R,11Z,19Z) -CH503 was only slightly bioactive at the equivalent dose. 5) We therefore thought that (3S,11Z,19Z)-CH503 might be the naturally occurring pheromone. 5) The remaining six stereoisomers of CH503 were subsequently synthesized in 2012. 6) Complete separation of the eight stereoisomers of CH503 by reversed-phase HPLC at À20 C was achieved after their esterification with (1R,2R)-2-(2,3-anthracenedicarboximido)cyclohexanecarboxylic acid, and natural CH503 was found to be (3R,11Z,19Z )-CH503. 6) Curiously, regardless of the geometry of the two double bonds, all (S)-stereoisomers of CH503 were also bioactive. It was therefore difficult to determine the stereostructure of natural CH503 on the basis of bioassay data alone.
Our next concern was to clarify the structural requirement for anti-aphrodisiac activity against male Drosophila melanogaster. Since the terminal hydroxy group and the acetoxy group at C-3 of CH503 seemed necessary for the interaction with its receptor, we planned to modify the two double bonds at C-11 and C-19 . Accordingly, the four pairs of enantiomers of the analogues of CH503 were synthesized: (i) 3-acetoxy-11,19-octacosadiyn-1-ol (1) to examine whether two triple bonds could substitute for the two double bonds, (ii) 3-acetoxyoctacosan-1-ol (2) to see whether fully saturated compound 2 was bioactive or not, (iii) (Z) -3-acetoxy-11-octacosen-1-ol (3) to examine the role of the double bond at C-19, and (iv) (Z) -3-acetoxy-19-octacosen-1-ol (4) to clarify whether the double bond at C-11 was indispensable for bioactivity or not.
This paper reports the synthesis of the enantiomers of 1-4, starting from the known intermediates employed in our previous synthesis of the stereoisomers of CH503. 5, 6) OAc OH n-C 8 H 17 OAc OH n-C 8 H 17 OAc OH n-C 8 H 17 OAc OH n-C 8 H 17 OAc OH n-C 8 
A bioassay of the eight new analogues [(R)-and (S)-1-4]
of CH503 revealed none of them to be pheromonally active.
Results and Discussion
The upper part of Scheme 1 summarizes the synthesis of the enantiomers of 3-acetoxy-11,19-octacosadiyn-1-ol (1) . Known alkyne (R) -5 6) was alkylated with known iodide 6, 5) employing n-butyllithium as the base in THF/HMPA to give (R)-7. Removal of the t-butyldimethylsilyl (TBS) group of (R)-7 with tetra(n-butyl)ammonium fluoride (TBAF) in THF afforded alcohol (R)-8 which was acetylated to give acetate (R)-9 in a 73% yield (two steps). Finally, treatment of (R)-9 with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) in wet dichloromethane furnished desired diyne analogue (R)-1 as a colorless oil in a 53% overall yield based on (R)-5 (four steps). Similarly, oily (S)-1 was prepared from (S)-5 in a 48% overall yield.
Synthesis of the enantiomers of 3-acetoxyoctacosan-1-ol (2) is shown in the lower part of Scheme 1. Hydrogenation of (R)-9 over palladium-charcoal gave (R)-2, mp 68-69 C, in a 68% yield with concomitant removal of the p-methoxybenzyl (PMB) protective group. Similarly, (S)-9 furnished (S)-2 in an 83% yield.
Scheme 2 shows the synthesis of the enantiomers of (Z) -3-acetoxy-11-octacosen-1-ol (3) . Known enyne (3R,19Z)-10 6) was oxidized with m-chloroperbenzoic acid (MCPBA) to give epoxide 11 as a diastereomeric mixture. This was reduced with lithium aluminum hydride to furnish a regioisomeric mixture of alcohol (R)-12 which gave a mixture of corresponding mesylate (R)-13 upon mesylation. Reduction of (R)-13 with lithium aluminum hydride in THF removed the mesyloxy group to afford (R)-14 in a 43% yield, together with a 45% yield of desilylated product (R)-15. The TBS protective group of (R)-14 was then removed with TBAF to yield an additional amount of (R)-15. The triple bond at C-11 of (R)-15 was subjected to semihydrogenation over Lindlar's palladium catalyst in the presence of quinoline to give (3R,11Z)-16 which was acetylated to furnish (3R,11Z)-17. Finally, the PMB protective group of 17 was removed by treatingt with DDQ in wet dichloromethane to give desired monoene analogue (3R,11Z)-3, mp 34-36 C. The overall yield of (3R,11Z)-3 was 43% based on (3R,19Z)-10 (eight steps). Similarly, (3S,11Z)-3 was synthesized from (3S,19E)-10 in a 45% overall yield.
Synthesis of the enantiomers of 3-acetoxy-19-octacosen-1-ol (4) is summarized in Scheme 3. Known alkyne (R) -5 6) was alkylated with the 6-iodo-1-hexanol tetrahydropyranyl (THP) ether, employing n-butyllithium in THF/HMPA as the base to furnish (R)-18. This was hydrogenated over palladium-charcoal to give (R)-19, which was treated with p-toluenesulfonic acid (TsOH) in methanol to remove both the THP and TBS protective group, affording diol (R)-20. Selective tosylation of (R)-20 with 1 eq. of p-toluenesulfonyl chloride (TsCl) gave crude (R)-21. This was subjected to the Finkelstein reaction with sodium iodide in DMF to furnish iodide (R)-22, mp 58-59 C, in a 29% yield based on (R)-20 with 59% recovery of (R)-20. Alkylation of 1-decyne with (R)-22 was achieved by using n-butyllithium in THF/HMPA as the base to give (R)-23 in a 75% yield. Lindlar hydrogenation of (R)-23 To determine whether any of the synthesized analogues was biologically active as a male anti-aphrodisiac, a standardized courtship assay was used to determine whether male Drosophila courtship behavior was suppressed in the presence of a female fly perfumed with each of the analogues. Each analogue was tested at the same dose that was found to be sufficient for the bioactivity of (3R,11Z,19Z)-CH503 (2667 ng/fly) or (3S,11Z,19Z)-CH503 (83 ng/fly). In all cases, no significant suppression of male courtship behavior was apparent (Table 1) .
Conclusion
The enantiomers of 3-acetoxy-11,19-octacosadiyn-1-ol (1), 3-acetoxyoctacosan-1-ol (2) , (Z) -3-acetoxy-11-octacosen-1-ol (3) , and (Z)-3-acetoxy-19-octacosen-1-ol (4) were synthesized, and their function as a male anti-aphrodisiac tested by using a courtship assay. Unlike CH503 [(3R,11Z,19Z)-3-acetoxy-11,19-octacosadien-1-ol] , none of the analogues was pheromonally active as an anti-aphrodisiac against male Drosophila melanogaster. Accordingly, the two double bonds at C-11 and C-19 of CH503 were found indispensable for its bioactivity.
Experimental
All boiling point (bp) data are uncorrected values. Refractive indices (n D ) were measured with a DR-M2 refractometer (Atago, Tokyo, Japan). Melting points were measured with an EXSTAR DSC 6220 instrument (SII, Chiba, Japan), and optical rotation values were measured with a P-1020 polarimeter (Jasco, Tokyo, Japan). IR spectra were measured with an FT/IR-410 spectrometer (Jasco, Tokyo, Japan), and 1 H-NMR spectra (400 MHz, TMS at ¼ 0:00 as an internal standard) and 13 C-NMR spectra (100 MHz, CDCl 3 at ¼ 77:0 as an internal standard) were recorded with a JNM-AL 400 spectrometer (Jeol, Tokyo, Japan). GC-MS data were measured with a 5975 Inert XL instrument (Agilent Technologies, CA, USA), and HRMS data were recorded on a 6530 Accurate Mass Q-TOF LC/MS instrument (Agilent Technologies, CA, USA). Column chromatography was carried out on Kieselgel 60 Art. 1.07734 (Merck, Darmstadt, Germany).
3-t-Butyldimethylsilyloxy-11,19-octacosadiyn-1-ol PMB ether (7) . (i) (R)-Isomer. In the same manner as that previously described, 5) known (R)-5 (1.01 g, 2.33 mmol) 6) and 7-hexadecynyl iodide (6, 896 mg, 2.57 mmol) 5) gave 1.39 g (91%) of (R) 
In the same manner as that previously described, 6) (R)-7 (1.37 g, 2.10 mmol) gave 863 mg (76%) of (R) . (i) (R)-Isomer. In the same manner as that previously described, 5) (R)-8 (812 mg, 1.51 mmol) gave 836 mg (96%) of (R)-9 as a colorless oil, 3-Acetoxy-11,19-octacosadiyn-1-ol (1). (i) (R)-Isomer. In the same manner as that previously described, 5) (R)-9 (328 mg, 0.565 mmol) gave 208 mg (80%) of (R)-1 as a colorless oil which solidified in a refrigerator, 
The sample size for each experimental trial is indicated; no significant difference in courtship percentage was found between the control and experimental conditions. b At the time of these bioassays, (3S,11Z,19Z)-CH503 was also assayed on a nearly weekly basis, which showing 40-50% courtship suppression at a dose of 83 ng/fly. CHHOH), m, CHHOH), m, CHOAc) ; 13 C-NMR C (CDCl 3 ): 14. 1, 18.7, 18.8, 21.1, 22.7, 25.5, 28.39, 28.40, 28.8, 28.9, 29.04, 29.07, 29.13, 29.14, 29.18, 29.24, 29.3, 31.9, 34.6, 37.5, 58.6, 71.6, 80.10, 80.18, 80.19, 80.3, 1, 22.7, 25.5, 29.37, 29.40, 29.52, 29.57, 29.65, 29.67, 29.69, 29.71, 31.9, 34.7, 37.5, 58.6, 71.62 3-t-Butyldimethylsilyloxy-19-methanesulfonyloxy-11-octacosyn-1-ol PMB ether and 3-t-butyldimethylsilyloxy-20-methanesulfonyloxy-11-octacosyn-1-ol PMB ether (13) . (ii) (3S,19RS)-and (3S,20RS)-Isomer. Similarly, the mixture of (3S,19RS)-and (3S,20RS)-12 (393 mg, 0.584 mmol) gave 402 mg (92%) of a mixture of (3S,19RS)-and (3S,20RS)-13 as an oil. Its IR and 1 H-NMR spectra were identical to those of the mixture of (3R,19RS)-and (3R,20RS)-13. 1, 22.7, 25.5, 27.19, 27.24, 29.2, 29.35, 29.37, 29.42, 29.59, 29.67, 29.71, 29.73, 29.79, 31.9, 34.7, 37.5, 58.6, 71.6, 129.8, 130 .0, 172.1; GC-MS [same conditions as those for 1]: t R 23.36 min (13.0%, broad, decomposition peak), 23.72 min (82.0%), 24.28 min (4.8%, broad, decomposition peak). The observed GC purity of (3R,11Z)-3 was less than the reality due to thermal decomposition. Its 1 H-NMR spectrum guaranteed the high purity of the sample. Similar decomposition was apparent with other mono-olefin samples (3S,11Z)-3, (3R,19Z) (2), 281 (7), 264 (2), 253 (2), 222 (2), 207 (23), 191 (4), 177 (4), 163 (9), 149 (22), 135 (33), 121 (27) .
3-t-Butyldimethylsilyloxy-11-octacosyn-1-ol PMB ether (14). (i) (R)-

3-t-Butyldimethylsilyloxy
(i) (R)-Isomer. In the same manner as that previously described, m), m), m), br), 3.80 (3H, s, OCH 3 ), m), .
(i) (R)-Isomer. In the same manner as that described for (R)-2, (R)-18 (991 mg, 1.61 mmol) gave 910 mg (91%) of (R)-19 as a colorless oil. The THP group remained intact in this step. m), m), m), m), br), 3.80 (3H, s, OCH 3 ), m), m, ArCH 2 ), m), 6.87 (2H, d, J ¼ 8:4 Hz, arom. H), 7.25 (2H, d, J ¼ 8:4 Hz, arom. H) 1, 3, (ii) (S)-Isomer. Similarly, (S)-21 (1.0 g, <1:54 mmol) gave 283 mg (34%, 2 steps) of (S)-22 as a colorless solid and recovered 288 mg (44%) of (S)-20. Properties of (S)-22: mp 57-59 C; ½ 19-Octacosyne-1,3-diol 1-PMB ether (23). (i) (R)-Isomer. A solution of n-BuLi in hexane (1.6 M, 1.28 mL, 2.05 mmol, 4.2 eq.) was added dropwise to a solution of 1-decyne (304 mg, 2.20 mmol, 4.5 eq.) in dry THF (2 mL) and HMPA (0.9 mL) at À65-À40 C under Ar. The mixture was warmed to À10 C for 10 min, and then cooled again to À65 C. A solution of (R)-22 (260 mg, 0.488 mmol) in dry THF (2 mL) was added dropwise to the mixture at À65 C, and the temperature was gradually raised to room temperature. After stirring for 24 h at room temperature, the mixture was diluted with water and extracted with EtOAc. The EtOAc solution was successively washed with water and brine, dried (MgSO 4 ), and concentrated in vacuo. The residue (841 mg) was chromatographed over SiO 2 (20 g). Elution with hexane/EtOAc ¼ 5:1 gave 198 mg (75%) of (R) Fly stocks and husbandry. The CantonS flies used for the assay were raised at 25 C on cornmeal agar food. Socially naïve flies aged between 4-6 d were used for the assay.
Courtship behavior assays with perfumed targets. Courtship assays were performed in chambers of 10 mm diameter and 3 mm depth. One male fly and one perfumed female target were placed in each chamber and videotaped for 30 min. Wet filter paper was put into each chamber to maintain humidity. The perfuming method has been described elsewhere. 2, 7) Briefly, for (R) -3-acetoxy-11,19-octacosadiyn-1-ol (1) , (R)-3-acetoxyoctacosan-1-ol (2), (R)-3-acetoxy-11-octacosen-1-ol (3), and (R)-3-acetoxy-19-octacosen-1-ol (4), glass vials (Wheaton, USA) were coated with 64 mg of the analogue diluted in 200 mL of hexane or CHCl 3 , and the solvent was evaporated under a stream of N 2 . For (S)-3-acetoxy-11,19-octacosadiyn-1-ol (1), (S)-3-acetoxyoctacosan-1-ol (2), (S)-3-acetoxy-11-octacosen-1-ol (3), and (S)-3-acetoxy-19-octacosen-1-ol (4), 2 mg of the analogue was used to coat each glass vial. Six live females were placed in each vial and gently vortexed for three 20-s bouts with a 20-s pause between each bout. It has been estimated that approximately 25% of the vial contents would be transferred to the flies. 7) Control flies were vortexed in a vial in which hexane or chloroform had been placed and then evaporated. The heads of perfumed flies were crushed immediately before the assay.
